BACKGROUND: Poor medication adherence is associated with worsened health outcomes and higher health care expenditures. An increasing number of employers are sponsoring wellness initiatives designed to support healthy lifestyles, improve productivity, and offer a return on investment. Onsite pharmacies may facilitate higher medication adherence rates by providing employees a convenient, low-cost option for filling prescriptions that is integrated with other onsite health services.
OBJECTIVES: To (a) assess the impact of an employer's onsite pharmacy on health plan members' medication adherence using multiple measures of medication adherence and persistence, including medication possession ratio (MPR), average number of days until discontinuation (60-day gap in coverage), and percentage of members without a 30-day gap in coverage, and (b) evaluate these outcomes between those members who participated in condition management programs and those who did not.
METHODS: A retrospective analysis of a self-insured employer's claims data was undertaken. Medication adherence was assessed among the selfinsured employer's health plan members, which included subscribers and their dependents who filled an asthma, depression, diabetes, hypertension, or hyperlipidemia medication at an onsite pharmacy, compared with those who used a community pharmacy. Multiple standard measures of medication adherence were considered. These measures included MPR, which was assessed for 1-and 2-year time periods. MPR was chosen because it is one of the most commonly referenced formulas in the literature and represents adherence over a fixed period of time. In addition, medication persistence was estimated by 30-day gaps in coverage and discontinuation of treatment. To assess the impact of onsite pharmacy use and account for covariate effects, the linear mixed model approach was applied with the logit transformed MPR as the response variable. An analysis of MPR among condition management participants was also performed.
RESULTS: In total, 2,498 subscribers and their dependents were included in the analysis. The average MPR at 365 days was significantly higher (P < 0.0001) among onsite pharmacy users for all medication types, ranging from 13% higher for depression medications to 20% higher for hypertension medications. This trend persisted at 730 days (P < 0.001), with average MPRs ranging from 6% higher for hyperlipidemia medications to 11% higher for hypertension medications. A mixed model analysis indicated that members who used the onsite pharmacy were 3.44 times more likely to demonstrate medication adherence (95% CI = 2.84-4.16; P < 0.0001) at 365 days. Likewise, at 180 and 365 days, onsite pharmacy users were less likely to have 30-day gaps in treatment. The average number of days until discontinuation (defined as a 60-day gap) was also significantly longer (P < 0.0001) among onsite pharmacy users, ranging from an average of 56 additional days for depression medications to 105 additional days for hypertension medications. While the average MPR tended to be higher among those subscribers and their dependents who participated in condition management programs, this trend was not statistically significant for all medication types.
R E S E A R C H
M edication adherence refers to the extent to which patients take medications according to the prescribed dosing, timing, frequency, and duration. 1 Failure to maintain medication adherence can exacerbate health conditions, which may result in worsened outcomes and an increased risk of mortality. 2 Additionally, suboptimal medication adherence is associated with higher utilization of health care services and overall costs. 3, 4 • Lack of medication adherence can exacerbate medical conditions, resulting in worsened outcomes, increased use of health care services, and higher overall costs.
• Employer-sponsored wellness initiatives aim to support healthy lifestyles while increasing productivity and containing health care expenditures among covered populations.
• Onsite health services, including pharmacies and condition management programs, may improve medication adherence and reduce expenses by providing convenient, low-cost care that is integrated with other employer-sponsored initiatives.
What is already known about this subject
• This retrospective claim analysis evaluates the impact of onsite pharmacies and condition management programs with several different measures of medication adherence, including formulas that have been reported in similar studies and others that are novel.
• Based on multiple measures of medication adherence, onsite pharmacy use was associated with favorable adherence and persistence to treatment.
• Similar trends were noted among condition management participants based on the least square regression results, although the mixed model analysis indicated a negative correlation between medication adherence and participation in condition management programs.
This onsite pharmacy has a number of features that may facilitate improved medication adherence among members who use it. In addition to the convenience of being located at the worksite, members may be more likely to fill their prescriptions at the onsite pharmacy due to discounted medication prices, automatic refills, and refill reminders for those who failed to pick-up a prescription. Similarly, pharmacists at the onsite pharmacy encourage members to fill 90-day medication supply whenever possible. The onsite pharmacy also provides free medication pill boxes as an adherence aid.
The effect of condition management program participation on medication adherence was also explored as a secondary objective. To aid members with chronic conditions, Cerner offers condition management programs that provide advisory sessions, educational materials, and other wellness tools. Subscribers and their dependents may participate in the condition management programs, although most of those who use these services are Cerner employees (either subscribers or dependents who are also employed by Cerner). These condition management programs are focused on hypertension, diabetes, weight management, and depression. A multidisciplinary team composed of registered nurses, certified athletic trainers, and other professionals with backgrounds in nutrition, fitness, and wellness are responsible for coordinating the programs. In general, members who engage in a condition management program have monthly visits with a health coach, although interactions can happen more or less frequently depending on need.
Medication adherence was evaluated among members who participated in any program, regardless of prescription type, given the likelihood of chronic comorbidities in the study population and the potential that participation may have a positive effect on overall wellness. Results were not stratified by condition because the focus of the condition management programs was not directly aligned with medication types included in this study (i.e., asthma, depression, diabetes, hyperlipidemia, and hypertension).
Cerner is a self-insured employer, and all health care claims are processed through its benefit administration, Cerner HealthPlan Services. Prescription data, demographic information, and condition management participation status were obtained from this claims database and de-identified to create the research dataset. An institutional review board (Western Institutional Review Board [WIRB] ) determined that the protocol for this study qualified for an exception because the analysis was performed on a de-identified secondary dataset. WIRB is registered with the Office of Human Research Protections/ Food and Drug Administration, has been fully accredited by the Association for the Accreditation of Human Research Protection Programs, and has electronic signature compliance with 21 CFR Part 11.
Poor medication adherence is a considerable problem. Based on a 2004 meta-analysis of published studies, approximately 25% of patients do not take medications as prescribed. 5 While the prevalence of nonadherence varies depending on the type of medication and study methodology, more recent studies have indicated higher rates, with suboptimal medication adherence frequently being observed in more than 50% of the patient populations. [6] [7] [8] [9] [10] [11] In the United States, excess costs due to this nonadherence are estimated to range from approximately $100 to $300 billion annually. 12, 13 An increasing number of employers are offering wellness programs and onsite health care services to improve the health of their workforce while containing rising health care expenses.
14 By offering quality health care services focused on prevention and chronic condition management, often at the worksite, many organizations, such as Johnson & Johnson and Highmark, Inc., have reduced costly expenses such as emergency room visits and inpatient stays. [15] [16] [17] [18] In 1 study, an employer-sponsored cardiac rehabilitation program resulted in a return on investment of $6 for every dollar spent. 19 Moreover, other reported benefits of onsite health care include improved productivity, staff morale, and health self-efficacy beliefs. 20, 21 Employer-hosted pharmacies and stand-alone dispensaries can be integrated into onsite wellness programs. Like other onsite wellness services, these pharmacies may offer employers a return on investment by helping to reduce other types of health care utilization and expenses. In particular, onsite pharmacies may have certain advantages that increase medication adherence. Such benefits often include the convenience of filling prescriptions at the workplace, reduced copays, and integration with other onsite health services. [22] [23] [24] [25] [26] The primary objective of this study was to assess the impact of an employer's onsite pharmacy on health plan members' medication adherence using multiple measures of medication adherence and persistence, including calculations of medication possession ratio (MPR), average number of days until discontinuation (60-day gap in coverage), and percentage of members without a 30-day gap in coverage. As a secondary objective, these outcomes were also evaluated among those members who participated in condition management programs and those who did not.
■■ Methods Study Design
A retrospective claims analysis was performed to compare medication adherence rates among health plan members who used onsite wellness services. Cerner established the Healthe Clinic in 2006 to provide worksite health care to approximately 7,500 Cerner employees and their dependents in the Kansas City, Missouri, area. In addition to providing primary care and condition management services, the Healthe Clinic also offers an onsite pharmacy.
Study Sample
To be included in the analysis, members had to have a pharmacy claim for an asthma, depression, diabetes, hyperlipidemia, or hypertension medication during the intake period (January 1, 2009, to December 31, 2011) and a refill of the same medication category within 365 days. Additionally, members were required to have continuous health plan enrollment 1 month prior to and 365 days following the first prescription fill (i.e., the index prescription). The pre-index enrollment requirement was used to confirm comorbidities and determine whether members were new medication users (defined as those who had not filled a prescription for the drug class within the preceding 6 months). Those who were younger than 18 years, had a diagnosis of gestational diabetes, used mail-order prescription services, were based in an office outside of the Kansas City area, or switched between onsite and offsite pharmacies were excluded. A breakdown of the study population by medication type is presented in Figure 1 .
Study Variables
To fully characterize medication adherence rates across onsite wellness users, the data were assessed through multiple standard formulas. First, MPR was calculated by dividing each member's total days of medication supply over 365-day Did not obtain mail order prescriptions N = 1,429
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and 730-day periods. This formula was chosen because it is frequently referenced in the literature and represents adherence over a fixed period of time. MPR can be greater than 1 if members consistently refill prescriptions early; therefore, MPR results greater than 1 and less than 1.5 were truncated to 1. MPRs that were greater than 1.5 may indicate underlying data concerns and were excluded. Note that 90-day refills accounted for approximately 16% of fills included in this study. The individual MPRs were then averaged to determine the overall MPR for each medication category for the 2 time periods, stratified by pharmacy location or condition management participation. Members who received multiple medications within the same therapeutic drug class were assumed to have medication coverage each day that any drug in the therapeutic class was available. Consequently, the MPR estimate represents an upper bound of the actual adherence with prescribed therapy.
Next, medication persistence was evaluated by assessing gaps in coverage and discontinuation of treatment. Medication gaps were considered to be 30 days without a prescription refill, irrespective of previous early refills. For each medication type, the percentage of members without a 30-day gap in coverage at 180 and 365 days was calculated. A 60-day gap in coverage was assumed to be discontinuation of treatment, and the average number of days until discontinuation (i.e., the first day of the 60-day gap) was determined for each medication category.
In addition to medication adherence measures, characteristics of the study population were determined. These variables included demographic features, such as mean age, as well as comorbidities and use of the onsite clinic. 27 A modified version of the Charlson Comorbidity Index (CCI) was used to calculate this information.
Statistical Analysis
Descriptive statistics for continuous variables (mean, median, and standard deviation) for each study group and medical condition were generated as a measure of central tendency and cross-group variation. For categorical variables, cross-tabulations in count along with group percentage were calculated. A chi-square test for count and the Student's t-test (cross-checked with the nonparametric Wilcoxon rank sum test) for continuous measure were performed to contrast onsite versus offsite differences for each of the 5 medical conditions. To identify independent factors associated with medication adherence, ordinary least square regression analyses on logit transformed MPR were performed for each medical condition. 28 Linear regression with the mixed model methodology was utilized to account for dependency in patients with multiple medical conditions and to assess the overall effect of the onsite pharmacy on medication adherence, while adjusting for significant covariate effects. All statistical analysis was conducted with SAS 9.3 (SAS Institute, Inc., Carey, NC).
■■ Results
In total, 2,498 members met inclusion criteria and were included in the analysis. Of these, 787 filled prescriptions for asthma, 973 for depression, 296 for diabetes, 413 for hyperlipidemia, and 759 for hypertension.
The demographic characteristics of the study population are presented in Table 1 . Members who used the onsite pharmacy were more likely to also use the onsite health center and be the primary subscriber to the health plan. Offsite pharmacy users were more likely to be female and have a greater number of comorbid chronic conditions. Each medication type was well represented in the study, with at least 10% of each group receiving each of the medications. Table 2 displays the medication adherence results by drug type. Across medication types, the average MPR at a fixed interval of 365 days for onsite pharmacy users was significantly higher (P < 0.0001 for all medication types) than among offsite pharmacy users. Specifically, onsite pharmacy use was associated with MPRs that were greater for each medication type: asthma (14% higher), depression (13% higher), diabetes (16% higher), hyperlipidemia (15% higher), and hypertension (20% higher). This trend persisted for the fixed 730-day interval (P < 0.001 for all medication types): asthma (7% higher), depression (7% higher), diabetes (9% higher), hyperlipidemia (6% higher), and hypertension (11% higher).
For all medication types, the average days to discontinuation was also significantly higher (P < 0.0001 for all medication types) among onsite users, ranging from an average of 56 
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additional days for depression medications to 105 additional days for hypertension medications. Likewise, the percentage of members without a 30-day gap was significantly higher (P < 0.05 for all medication types) across medication types at 180 days and trended higher at 1 year, although not all differences reached significance. A mixed model analysis combining all 5 medical conditions indicated that, compared with offsite pharmacy users, the covariate adjusted odds of increasing medication adherence for onsite pharmacy user was significantly higher (odds ratio = 3.44; 95% confidence interval [CI] = 2.84-4.16; P < 0.0001). Moreover, these mixed model analyses also suggest that medication adherence is positively associated with age and CCI score. In contrast, a negative association with condition management participation was also observed (Table 3) .
Using the mixed model approach, no significant differences in medication adherence between subscribers and dependents were observed. Based on an unadjusted subset analysis, no significant difference in 365-day MPR was found between subscribers and dependents for onsite (P = 0.468) and offsite (P = 0.212) pharmacy users. After adjusting for onsite pharmacy use, age, CCI, and condition management participation, medication adherence was slightly higher for subscribers, but the difference did not reach statistical significance at the 5% level (P = 0.068).
The average MPRs at 365 and 730 days among condition management participants and nonparticipants are presented in Figure 2 . Although the findings varied by medication type, these least square regression analyses tended to demonstrate a positive association between condition management participation and medication adherence. The influence of condition management participation was highest among members who filled hyperlipidemia and hypertension medications at 365 and 730 days. Note, these results were not stratified by condition because the condition management program types were not aligned with the medication classes included in this study.
■■ Discussion
The results of this study indicate that onsite pharmacy use is associated with higher medication adherence rates among the health plan members included in this analysis. This finding expands upon previous research by replicating similar findings, introducing other measures, and evaluating the trends over a longer time period. In particular, rather than using a single outcome measure, our analysis considered multiple medication adherence formulas, which was beneficial for characterizing multiple dimensions of adherence in the population and cross-validating the results.
Medication adherence among patients who used onsite pharmacies and clinics compared with those who used community-based facilities was evaluated by Sherman et al. (2009) using MPR over a 1-year period. 29 The authors observed that MPR was approximately 10% higher for onsite pharmacy users. In our analysis, the average MPR among onsite pharmacy users was 13% to 20% higher (P < 0.0001) across included conditions at 1 year for onsite pharmacy users. Moreover, our research 
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correlation effect if participants are simultaneously taking multiple types of medications. Considering all medication types together, members who used the onsite pharmacy were 3.44 times more likely to be adherent than those who used community pharmacies (95% CI = 2.84-4.16; P < 0.0001). Higher adherence was positively associated with age and CCI score.
Based on the results of the mixed model analysis, the adjusted medication adherence also tended to be higher among subscribers compared with dependents, but the difference was not significant at the 5% level. This trend may suggest that convenient onsite health services have a slightly greater influence on subscribers because they are employees. However, there may be a spillover effect because dependents may also have regular access to onsite services. That is, in addition to the dependents who are also Cerner employees, other dependents may regularly visit the worksite for other reasons; for example, to attend clinic visits at the onsite health center or use the onsite fitness center. Some dependents under the age of 6 may also be enrolled at the onsite child care center.
In contrast, the mixed model analysis demonstrated a negative correlation with condition management participation. Several factors that were unaccounted for in the analysis may have influenced this finding. For example, condition management participants may have been more likely to subscribe to mail-order prescription services. Alternatively, the condition management programs may have been particularly effective and enabled some participants to successfully overcome their condition and thus eliminated the need for medication. Further studies investigating this trend are warranted. demonstrated that MPRs continued to be statistically higher among subscribers and dependents who used onsite pharmacies, compared with those who used offsite pharmacies at 2 years (P < 0.001).
Medication persistence is another approach to evaluating the impact of onsite health services. Patwardhan et al. (2011) reported that 30-day gaps in medication were 22% less frequent among workplace pharmacy users than those who used mailorder prescription services. 30 Similarly, our analysis indicated that onsite pharmacy users were less likely to have a 30-day gap in coverage at 180 and 365 days. While this trend was not statistically significant across all medication types, the percentage of members without gaps was higher for almost all categories at both time points for members using onsite pharmacies.
Based on the results of our evidence review, this is the first study of onsite pharmacies to report the average time until treatment discontinuation. According our analysis, the average number of days until discontinuation was significantly longer (P < 0.0001) across medication types among onsite pharmacy users in our study. This measure is meaningful to consider, since onsite pharmacies may facilitate long-term medication persistence by offering members a more convenient and lower cost method of filling prescriptions.
The benefit of the onsite pharmacy on medication adherence was further demonstrated by the mixed model approach, which was used to assess the impact of the onsite pharmacy by adjusting for covariate effects. Compared with ordinary least square regression analysis, the mixed model approach not only allows adjustment of covariate effects but also has the advantage of controlling the potentially significant positive Medication Possession Ratio multiple conditions and depression, which are characteristics associated with lower medication adherence. 36 Some metrics of medication adherence may not have been appropriate for all medication types. For example, rescue inhalers may not need to be refilled every 30 days, and inclusion of these therapies could have confounded measures of adherence-such as MPR-that assume a 30-day refill interval. Lastly, the results of this study may not be generalizable to other populations given that only members of 1 health plan were included.
The analysis of condition management participation was limited by the amount of available data. In particular, it was not possible to stratify the results by condition because the medication types included in the study (i.e., asthma, depression, diabetes, hyperlipidemia, and hypertension) were not directly aligned with the focus of the condition management programs (i.e., hypertension, diabetes, weight management, and depression).
■■ Conclusions
Across multiple measures of medication adherence, the results of this study demonstrate a favorable association between the use of employer-sponsored health services, particularly onsite pharmacies, and medication adherence. While inconsistent findings were observed for the impact on condition management participation on adherence, compared with members who used offsite pharmacies, those who filled prescriptions onsite had higher medication adherence rates as measured even at the 2-year follow-up time point. Moreover, onsite pharmacy users exhibited better medication persistence and were less likely to discontinue treatment.
Based on the ordinary least squares regression analyses, across medication categories, MPR at 365 and 730 days was greater among members who participated in condition management programs. While not all of these findings were statistically significant, our results suggest a benefit of these services. Similar findings have been reported by other studies of employer-sponsored disease management programs. For example, Moore et al. (2013) reported MPR increases of approximately 2% following a hypertension and dyslipidemia medication therapy management program sponsored by an employer group. 31 Onsite health services, especially employer-sponsored pharmacies, may reduce medication adherence barriers. Gellad et al. (2009) conducted a systematic literature review to catalog contributing factors to nonadherence. 32 The authors noted that cost sharing and regimen complexity had previously been extensively researched and were known to influence adherence. However, Gellad et al. identified a number of other barriers commonly referenced across publications, including medication beliefs (i.e., perceived efficacy and tolerability), social support, and patient-provider relationship. Onsite pharmacies and condition management programs may improve medication adherence by providing members with a convenient and low-cost way to interact with providers and receive counseling to reduce adherence challenges. For example, the onsite pharmacy in this study was located at the worksite, offered medications at a reduced price, and provided automatic refills and refill reminders.
Future research should explore the association between employer-sponsored health services, including onsite pharmacies, with health care outcome, utilization, and costs. While medication adherence is an important endpoint, a correlation with health outcomes would provide additional evidence to justify investment in an onsite health center. Demonstration of positive health outcomes, improved productivity, and cost savings are particularly important to employers and other organizations managing the health services of a population. 16, 33 Limitations Given the observational nature of this research, the conclusions of this study are limited by certain factors that could not be fully controlled. In particular, there may be underlying differences between members who choose to fill prescriptions onsite and those who use community pharmacies. Members who use the onsite pharmacy may be more likely to practice healthy lifestyles, including medication adherence. 34, 35 Additionally, the onsite pharmacy was used by employees more than their dependents, who are less likely to be at the worksite on a regular basis.
Other potential biases may influence onsite and offsite pharmacy users similarly. For example, discontinuation of treatment may indicate a favorable change in a member's condition. Likewise, both study groups included members with 
